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SIR: 

PECXMttTXON TOPER 37 C.F.R. 51.132 

I, Ann Marie Schmidt, M.D., hereby declare that: 

1- I am a co-inver.tor named in the above-identified patent 
application. 

2. I am a profensor of surgical sciences at Columbia 
University in N«>w York, New York- A copy of my curriculum 
vitae is attached hereto as Exhibit A. 

3. I have reviewed and am familiar wirh pending claims 57-60 
and 7 6-78 of tha subject application- I understand that 
pending claims 57-60 and 7 6-7 3 provide a method for 
identifying an agent which inhibits tumor invasion in a 
loca.1 cellular environment. I also understand that this 
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method comprises: (a) providing a solid support coated 
with amphoteric (b) contacting the solid support with a 
rumor cell which expresses receptor for advanced glycation 
endproducts (5 AGE) under appropriate cell culture 
conditions for cell migration and growth; (c) admixing to 
the tumor cell culture of step (b) an agent to be tested; 
(d) determining the amount of spreading of the tumor cells 
on the solid support; and (e) comparing the amount of 
spreading of this tumor cells determined in step (d) with 
the amount of spreading determined in an identical tumor 
cell culture i:i the absence of the agent, wherein a 
decrease in the amount of spreading determined in step (d) 
indicates that the agent is identified as an agent which 
inhibits tumor invasion In the local cellular environment, 

4. I have read ar.d am familiar with the July 12 , 2005 
Advisory Action issued by the U.S. Patent and Trademark 
Office in connection with the subject application. I also 
understand that in the Advisory Action, the Examiner has 
maintained the rejection of claims 57-60 and 76-78 as 
allegedly obvious under 35 u.s.c, §103, which rejection 
was made in th* January 26 r 2005 Final Office Action 
issued by the U.S. Patent and Trademark Office, I have 
also read and am familiar with the January 2 6, 2005 Final 
Office Action and the references of Hori, et al- (J. Biol. 
Chem. 1995; 270 (43) :25752-25761) rHori") , Miki, et al. 
(Biochem. Biophys, Res. Commun, 1993 Oct. 29: 196 (2) : 984-9) 
(*Miki") and Pa::kkinen f et al. {J. Bio.Chem. 1993 Sept, 
268 (26) :19726-1S738) PParkkinen") cited by the Examiner 



10/28/2005 02:53 12123055337 

Oct-Zf-05 07823pm FroiKooperlDunhanj LLP 



DEPT OF SURGERY 
+212 391 0526 



PAGE 04 
T-34Z P. 01 5/01 f MQ3 



Applicants : Ann Marie Schmidt, et al. 
O.S. Serial No: 09/689,469 
Filed : October 12, 2000 

Page 3 

in support of this re j action - 



5. In the January 26, 2005 Final Office Action, I understand 
the Examiner to assert that the cited references, when 
taken together, create, among other things, a motive to 
identify agents that inhibit tumor invasion by determining 
whether the agents disrupt the interaction between RAGE 
and amphoterin. 

6. I am a co-author of the article entitled "Blockade of 
RAGE-amphoterin signalling suppresses tumour growth and 
metastases" (Tajuchi, et al. , Nature 405:354-360 (2000)) 
PTaguchi") P annexed hereto as Exhibit B. Taguchi 
describes certain experimental findings incorporated into 
the subject application, namely, that RAGE-amphoterin 
interaction is a pathway for tumor invasion and that this 
pathway is not bypassed by a compensatory or collateral 
pathway. 

7. I am also familiar with the article entitled ^Cancer: 
Checkpoint for Invasion'' (Liotta and Clair, Nature 
405:287-288 (2000)) ("Liotta"), annexed hereto as Exhibit 
C. I understand Liotta is a review of the findings set 
forth in Taguch;. ■ In the first paragraph, Liotta states, 
in part, that "Taguchi and colleagues. . - have now- 
identified proteins called RAGE and amphoterin as a 
receptor-ligand pair in a molecular checkpoint that 
regulates not only the invasiveness but also the growth 
and movement of tumour cells - the trio of characteristics 
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required for malignancy." I understand this statement to 
mean that prior to the findings in Taguchi, it was not 
known that RAGE-amphoterin is a molecular checkpoint 
regulating tuma:: invasion, growth and movement. 



8. In the fourth paragraph, Liotta states, in part r that *the 
best way to line a molecule causally tc malignancy is to 
start with a cell that is already malignant/ and to 
attempt to block the molecule or pathway of interest. 
This was the tack taken by Taguchi et al." I understand 
this statement to mean that prior to the findings of 
Taguchi, no causal link was known to exist between RAGE- 
amphoterin intei'action and tumor invasion. 



9. In the last paragraph, Liotta states, in part, that ^[t]he 
trick is to find a rheostat in the cell's circuitry that 
is not bypassed by collateral or compensatory paths." I 
understand this statement to mean that prior to the 
findings set forth in Taguchi, it was not established that 
the RAGE-amphoterin pathway is not bypassed by a 
collateral or compensatory pathway. 



x hereby declare that all statements made herein of my own 
knowledge are true and that ail statements made herein on 
information and belief a:re believed to be true; and further that 
these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code, and that aucn willful false statements may jeopardize 
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the validity of the subject application or any patent issuing 
thereon* 
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gap-like genes is therefore consistent with the proposed origin of the 
gene from the HOX-cluster\ By adopting BTD as a partner, EMS 
could escape phenotypic suppression by gnatho-cephalic HOX gene 
activities and specify the intercalary head segment identity. □ 

Methods 

Drasoplttta strains 

We Oregon R.btd**', svb^ hu^' t rcf, 7,19), homozygous line of ,he trances 
described below a nd hsp70- BTD/h i p 7t>- BTD; em,'/ > for heat^ock experiments fa« 
iwf muum background, svb btddouHt mutant was used to identify btd muum cuticle*-. 

Generation and analysis of transgenic anknals 

VPI6-™. N-BTUC-BTaN-BTDAU. N-BTDAS/T and N-BTDAQ were consirucied 
by polymerase chain rraclion (PCR) and standard cloning proccdura. N-BTD lack* 
amino acids 4*8-644 of the but sequence 7 . C-BTD lacks 1- Jl 1. N-BTUAU lacks 240- 
326 jnd 44»-M4. N-BTDAS/T lacks 1 16-240 and 448-644. and N-BTDAQ kicks 6-116 
* ^IVt*' Aft l r . ^"f^* 1 * COrutruct » wrf f ^ed into a P-element vector providing 
the 5.2 ktlotwscs ikb) btd as- acting element". btd-EMS contains the 2.2 kb Xbal-EccHV 

£^ , r V"* ^ 70 T BTD COnUm * a J - 1 kb «™»8c M BomHl fragment in the 
Bgill site of p<jSpeR-hs (rcL 20). 

r ^^T*' ^ con,m,c * wcn in )^ « mutam embryos". Except 
tor N-BTDAQ, at !ea*t two independent transgenic lines (balanced over CyO or TM3> 
were examined. Immunological staining* of embryo*' J were performed with anti-B- 
^losidase (Cappel). FP3.38 anti-UBX (ref. 23). 4D9 anti-EN (Developmental Studie* 
Hybndoma Bank; University oflrf and 22C10 fret 24) primary antibodiea using the 
Vcctastain ABC Elite Kft (Vector). Homozygous mutant embryos were identified throuch 

^o!.l^'^i!? , ^n mbOW „ WCre « ul ** W < C *™"1* balsam, Sigma, or drawn into 
capillaries. Embryos (30-min colleciioni) were heal -shocked ( 1 h; 37 *C) after •> h of 
development ( 25 0 0. Cuticle prepara lions'* and embryo* were photographed wiih j Zeiss 
Axiophot. 



Protein binding assays 

Full-length ems cDNA* ' was cloned into a baculovirus transfer vector* to generate a rtaa- 
tag fusion construct for overproduciion ol EMS; the BTD and Spl constructs are 
described *. Recombinant baculovirus (Baculogold viral DNA, Pharmingen), expression 
and purification of Rag -epitope- tagged proteins from Sft cells were described" C- 
BTDAzf refers to the 880-bp carboxy- terminal Bgtl Sspl btd fragment cloned into /un- 
digested pRSETB ( Invitrogen). For protein interaction studies, about 50 ng of Flag- 
epitopc-lagged proteins (immobilized on Hag-M2 antibody resin; Eastman Kodak) were 
incubated (3h. 4°C) with rS|methioiune-labeUed proteins generated by the TNT- 
coupled in intra tramcription/UaiisUuon system (Promcga), washed extensively with 
50 mM IIEPES, pH 7.9, 25 m.M MgC3 2 . 40% glycerol, 0.8 M Ka 1% Triton X-100 
separated by SDS-PAGE and visualized by autoradiography. 

Yeast two-hybrid assays were performed as described (Cometh manuals: Yeast Pro 
tocoU Ilandbooki MATCHMAKER Two-Hybrid System 3). EMSAHD-BD (residues 1- 
3831 was generated by inscrling an £tvRI/&jf»M fragment taken from EMSAHD- \D 
into pGBKT7. EMSAIfD-AD was PCR amplified from ems cDNA" (primers- EMS1F 
5 -CXC<^ATTX>TC;A(rrAA<^£:GATT(;c:c;-3*; EMS1R: S -CCGCXXGC^CTAC 
GOCACCAGGAAACTTCC-3 ), BTD 1 -AD (resides 1-217) and BTD2-AD (residues 
Hb-424) were K^-amplified from btd cDNA 7 (primers: BTDIF: 5'-CC,cr«V\TTr.A-rGAT 
CX;ATGa,GCCTGC;-3'; BTDIR: 5'-GCCX;<XX;<:CTACGCX:GC^«rT(XTC(rr 
GCC-.V and BTD2F: 5 -UXX;AATTCCTAT<X:G<;cnt:GAGTT(X;-3'; BTD^R- 5'. 
C^CC^C^CCn^AGGCGCCOVGTACCTTCTTGC-3'. respectively). PCR fragments were 
cloned into EcoRl/Smu] -digested pGADT7. N-BTD-AD (residues 1 -424) w« created by 
opening BTD I -AD with Stul/BatnH\ and inserting an SruVBamlll fragment from 
BTD2-AD. C-BTD- AD (residues 405-645) was PCR*amplificd (primers were BTD3F* 
^^**^^*^^^^^^ A TCACCTCAGC-3 ' ; BTD3R: 5 -CCCGGGCCCATCCTAGG 
CGGTCGC-J' » and cloned into M/el7Sm«I-digc*tcd pGADT7. 
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The receptor for advanced glycadon end products (RAGE), a 
multi-hgand member of the immunoglobulin superfamily of 
cell surface molecules 11 , interacts with distinct molecules impli- 
cated in homeostasis, development and iniaammation, and certain 
diseases such as diabetes and Alzheimer's disease } ~ 9 . Engagement 
of RAGE by a iigand triggers activation of key cell signalling 



KATI fPF ; VOl an=l 



pathways, such as p2\ m , MAP kinases, NF-kB and cdc42/rac 
thereby reprogrammiiig cellular properties*-". RAGE is a central 
cell surface receptor for amphoteric a polypeptide linked to 
outgrowth of cultured cortical neurons derived from developing 
1: 'J" co loa ^^n of RAGE and amphoterin 

at the leading edge of advancing neurites indicated their potential 
contribution to cellular migration, and in pathologies such as 
tumour invasion. Here we demonstrate that blockade of RAGE- 
amphoterin decreased growth and metastases of both implanted 
tumours and tumours developing spontaneously in susceptible 
mice. Inhibition of the RAGE-amphoterin interaction suppressed 
actrvation of P 44/p42, p38 and SAP/JNK MAP kinases; molecular 
effector mechanisms importantly linked to tumour proliferation, 
invasion and expression of matrix metalloproteinases" 

Amphoterin and RAGE are expressed in a range of cell types' 5 - 14 
and RAGE-amphoterin modulates cellular invasive properties in 
developing neurons. Thus, it was logical to examine the potential 
role of these molecules in tumour biology. Rat C6 glioma cells" 
provided an ideal starting point for these studies, as immunoblot- 
ting ot C6 glioma cell lysatcs demonstrated expression of both 
RAGE (Fig. la, lane 3) and amphoterin (Fig. lb, lane 3). Confocal 
inicroscojjy confirmed the co-localization of RAGE and amphoterin 
in these cells (see Fig. 1 in Supplementary Information). The 
absence of another RAGE ligand, EN-RAGE', in C6 glioma 
(Fig. lc lanes 3 and 5) led us to pursue potential roles for 
amphoterin and RAGE in tumour behaviour. 

We focused on strategies to inhibit the function of RAGE and 
amphoterin m vivo. The extracellular region of RAGE is composed 
of one V-type followed by two C-type immunoglobulin-like 
domains and comprises the soluble, ligand-binding domain' 
Following the extracellular and transmembrane spanning domains 
is a short, highly charged cytosolic tail, which is essential for RAGE- 
dependent intracellular signalling and subsequent cellular 
activation . Therefore, four strategies for blocking RAGE-ampho- 
terin- mediated cellular stimulation in vivo are: (1) administration 
of soluble, extracellular ligand-binding domain of RAGE, sRAGE- 
(2) administration of blocking F(ab') 2 fragments derived from anti- 
RAGE and/or anti-amphoterin IgG; (3) generation of stably trans- 
Fected C6 glioma expressing a RAGE mutant devoid of the cytosolic 
tail, so that the truncated form of the receptor is present on the cell 
surface and competent for ligand binding, but exerts a dominant- 
negauve effect on RAGE signalling; and (4) generation of stably 
transfected C6 glioma expressing sRAGE. 

Administration of sRAGE once daily" to immunocompromised 
(athymic nude) mice upon injection of rat C6 glioma cells caused 
dose-dependent decreases in tumour volume (Fig. 2a). As ampho- 
terin and RAGE were both present in the tumour bed, we assessed 
their effects by using monospecific polyclonal rabbit F(ab'), frag- 
ments prepared from antibodies to RAGE and/or amphoterin. 
These antibody fragments were administered to immunocompro- 
mised (severe combined immunodeficiency; SCID) mice from the 
time of inoculation with C6 glioma cells. Compared with SCID mice 
receiving nonimmune F(ab') 2 or anti-EN-RAGE F(ab*) 2 , animals 
treated with anti-amphoterin or anti-RAGE F(ab'), had a signifi- 
cant reduction in tumour volume after 21 days (Fig. 2b). Simulta- 
neous treatment with both anti-RAGE and anti-amphoterin F(ab') 2 
resulted in greater reduction in tumour volume compared with 
treatment with the control F(ab'), or either antibody alone (Fig. 2b). 

A limitation of these modalities was the possibility that such 
proteins administered intraperitoneal!}- would not reach sufficiently 
high levels in the tumour bed to inhibit the receptor. Therefore, we 
stably transfected rat C6 glioma cells with tail-deletion RAGE (T) 
soluble RAGE (S) and full-length RAGE (F), or mock-transfected 
them (M). Three independent clones from each transfection were 
implanted into immunocompromised (athymic nude) mice to 
evaluate the role of RAGE in tumour growth. Analysis of the 
resulting tumours by immunoblotting revealed the following 
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clones _clones Fl-3: 11 ,-. 9.0- and 22.6-fold; clones Tl-3: 20.2-. 
7.,- and 9.4-fold; and clones Sl-3: 3.4-. 7 0- and ft a (*\a r 
pared with mock-transfectants (« = 17) (Fic 2c^f IL ? \ TI'a 
increase in tumour volume was observed N?«l u ?° Utahvefold 
full-length RAGE on day 21 („ = 18) (Fh7 £ ^« overe *P««»8 
was decreased about threefold in .uIL^&£]^£^ U, ~ 
clones transfected with the tail-deletion mu^T 0 (Rgl° 0* 
Tumour volume also decreased (about 6.5-fold) in noSpbsm. 
derived from sRAGE-transfected C6 glioma („ = „ (?™t ™) 
These result, mdicate the involvement of RAGE-mediated ceUular 
activation in tumour growth and phenotype. 

To delineate the mechanisms by which blockade of RAGE 
suppressed tumour growth, we analysed implanted tumourfiS 
time On days 1 3 and 7, mock- and full-length RAGE- transfected 
C .glioma had begun to grow and invade surrounding muscle and 

JXSoTSS? m tf T feCtantS «Pre«ing tail-deletion 
RAGE or sRAGE on days 1. 3 and 7 were limited to the immediate 
area where they had been injected. Only at day 14 did tail-dTt on 
RAGE transfectants and sRACE-transfectants begin to invade the 
pounding tissues (see Fig. 2 in Supplementary InformaJon) 
Consistent with these observations, cells expressing glial fibriilary 
acdic protein (GFAP) at the centre of the tumour increased in trZ 
in full-length RAGE- transfected clones on days 3. 7, and 14 S 
compared with mock-transfected tumours (Fig. 3a) In contrast 
tumour cells expressing tail-deletion RAGE or sRAGE hid a 
("St? ° n d3yS *' 3 * 7 a ' ld 14 afte ' ""plantation 

catedTni S 5 e Arr m0U ^ !? SC " ing 0t RAGE blockad > indi- 
cated that RAGE might modulate cellular proliferation and/or cell 

Ml lenS^Ar 6 ? WI * ^ ^'"fcctants. C6 glioma expressing 
fell-length RAGE exhibited enhanced incorporation of 5-bromo- 

<Fit^ ie (BtdV \ ^ ^ 1 and 3 after "-plantation 
«WhSi" ™ SU tell - de,etion ^GE and sRAGE transfectants 
exhibited a decrease in incorporation of BrdU on days 1, 3 and 7 
compared with mock-transfected clones (Fig. 3b). However, rates of 

IT £ ^ l0W (0 - 2 ;°- 5% fr om *W l-M) and did not change 
among the vanous transfectants. Similar results were obtained when 
SRAGE was administered intraperitoneal^; on days 1 , 3 and 7 after 

sRAGE (Fig 3c) and the apoptotic rate was not different from 
that observed in mice receiving murine serum albumin (MSA) (data 
no shown). Consistent with the versatility of tumour cells was their 

blockade of RAGE subsequent to day 14. This is when most tail- 
deletion and sRACjE transfectants. and tumour cells subjected to 
parenteral administration of sRAGE were first measurable. Sub- 
sequently, tumours from all groups escaped latency induced by 
Wockade of RAGE and displayed equivalent growth rates (data not 
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Figure 1 RAGE and amphoterin are expressed in tumour cells, a-c, Cell lysaies or 
supernatant (medium) were prepared from cultured tumour cells and subjected to 
immunoblotting (or RAGE (a), amphoterin (b), or EN-RAGE <c) 
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Amphoterin may provide a surface for assembly of fibrinolytic 
complexes leading to generation of plasmin, a central molecule in 
activation of matrix metalloproteinases (MMP) NJi , indicating a 
mechanism by which RAGE-ainphoteriii might enhance invasive 
properties of tumour cells. On day 21 after implantation those 
tumours overexpressing full-length RAGE had increased activity of 
MMP-9 and MMP-2 compared with mock-transfected C6 glioma 
(Fig. 3d). Tumours raised from tail-deletion RAGE or sRAGE in 
transected clones, however, showed diminished MMP-9 and MMP- 
2 activity compared with those from mock-transfected clones 
(Fig. 3d). 

Consistent with these in rivo observations, tail-deletion RAGE 
and sRAGE transfectants plated on amphoterin -coated matrices 
had diminished proliferation compared with mock-transfected C6 
glioma (Fig. 4a). Further, overexpression of full-length RAGE in C6 
glioma grown on amphoterin enhanced proliferation (Fig. 4a). 
These findings were selective for growth on amphoterin, as pro- 



liferation did not vary between mock-, full-length RAGE- tail- 
delenon RAGE- and sRAGE- transited C6 g|{J T^own on 
ubstrates with adsorbed bovine serum albumin (data no 

SETilS IH ^aT ° f u " Ular P'o^on »» observed 
SRAC ' E "W* to , wild-type C6 glioma on amphoterin- 
coated matrices (data not shown). 

As our findings indicated that RAGE and amphoterin mediated 
invasion and migration of implanted C6 glioma, we assessed these 
properties m vitro Compared with mock-transfected C6 glioma 
those cells with full-length RAGE demonstrated enhanced invasion 
through Matrigel (Fig. 4b). In contrast, transacted clones bearing 
the tail-deletion RAGE mutant or overexpressing sRAGE had 

™-! ,,Vasion {fig * 4b) ' In the P^ence of sRAGE, ami- 
RAGE F(ab ) 2 or anti-amphoterin F(ab') 2 , significant suppression 
of invasion was observed (Fig. 4b). Similarly, blockade of RAGE- 
amphoterm suppressed migration of C6 glioma in vitro (data not 
shown). Also, mock- and full-length RAGE transfected C6 glioma 
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Figure 2 RAGE -amphoterin blockade suppresses growth of implanted C6 glioma, a. C6 
glioma cells were implanted into Immunocompromised mice and mean tumour volume on 
day 21 is shown, n = 1 0 per group. MSA, murine serum albumin; sRAGE. soluble RAGE, 
b, Mice with severe combined immunodeficiency (SCID) were injected with C6 glioma 
cells and the indicated Ffab'k fragments. Mean tumour volume on day 21 is shown; n = 7 




Soluble 
RAGE 



per group, c, Mock or RAGE/RAGE mutant C6 glioma cells were injected into 
immunocompromised mice and mean tumour volume on day 21 is shown. Asterisk 
P < 0.01. double asterisk P < 0.001 versus mock-transfected clones, 
d-g, Representative photographs on day 21 of mice bearing the indicated transfected 
clone are shown. Scale bar, 1 cm. 
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spread readily on amphoterin -coated matrix (Fig. 4c, d), tail- 
deletion RAGE and sRAGE-tramfected cells (Fig. 4e, f) had a 
marked reduction in their ability to extend processes necessary to 
migrate into the surrounding matrix. 

To examine the molecular mechanisms underlying RAGE- 
:mphoterin-mediated effects on tumour properties, we focused 
on iie MA* .anase family of signalling effector molecules, as these 
mediators are involved in cellular proliferation, invasion and 
activation of MMPs"- 2 \ Although activation ofp44/p42, p38 and 
SAP/JNK MAP kinases was enhanced in full-length RAGE transfec- 
tants plated on amphoterin, a marked reduction in activation of 
these kinases on amphoterin was noted in tail-deletion RAGE and 
sRAGE transfectants (Fig. 4g-i, left). In contrast, activation of MAP 
kinases did not differ among the transfectants grown on BSA, 
suggesting the specificity of amphoterin-RAGE interaction in 
activating these key cell signalling molecules (Fig. 4g-i, right). 

Another potent mechanism by which growth and spread of 
tumour cells may be modulated is by suppression of neovascular- 
ization. To explore whether RAGE blockade impaired this process, 
basic fibroblast growth fcctor (b-FGF)-laden pellets were placed 
into a corneal pocket, and new capillary growth from the corneal 
limbus was observed". New vessel growth was not different in 
C57BL/6J mice treated with either^MSA or sRAGE for five days 
(3.1 ± 0.3 mm" and 2.7 ± 0.2 mm* angiogenic area, respectively: 
P > 0.05). 7 
As the ability of tumour cells to proliferate and invade beyond 
homeostatic boundaries is a central means by which the host 
succumbs to tumour, it was important to ascertain whether 
RAGE might contribute to metastases. We used the Lewis lung 
carcinoma model, in which distant metastases flourish upon 
removal of the primary tumour. Both RAGE and amphoterin 
were present in Lewis lung carcinoma cells (Fig. la, b), and could 
be localized to the cell surface by immunocytochemistrv (not 
shown). We first prepared stably transfected Lewis lung carcinoma 



ietter^^jature 

SbT^"*"* S ^ C ; E * HOWCVer * f ° 1,0win S ™Pl«»««ion into 
C5/B176 mice, marked suppression of local tumour growth 

ZmnVi I ? n0 \ sh0wn) > thereb ^ ^rogating the usefulness of 
his modeL As an alternative strategy, sRAGE was administered just 
before and after resection of primary tumours resulting from 

wTm^" ^ 7 ^ UwiS ,Ung Carci " oma ^ Compared 
with MSA, animal*, receiving sRAGE at 100 u.g per day demon 

strateaT a marked decrease in the number of lung surface metastases 
(8.7 ± 14 and 1.0 - 0.3, respectively; p < 0 .0001) and 
metastatic burden as judged by lung weight (385.6 ± 39 8 me 
and 188.7 ± 6.7 mg, respectively; P < 0.001). Lung surface 
metastases observed in MSA-treated mice were virtually undetect- 
SLmatSn) ^ SRAGE F * 3 in Su PP ,eme »tary 

Jo ««<ly early RAGE-inediated events in metastasis, fluorescently 
labelled Lewis lung carcinoma cells were intravenously injected into 
m * C u??Jl ,aten number »" lungs was assessed. Compared 
with MSA-treated mice, a significant reduction in tumour ceil 
n n Um ^c r , " "^-P 0 **™* w as noted in the presence of 
sRAGE (11 ± 0.03 and 0.4 ± 0.02, respectively; P < 0.0001). On 
day 14, the number ot lung surface metastases was reduced in 
mice treated with sRAGE compared with those receiving MSA 
(13.0, ± 1.5 and 47.6 ± 4, respectively; P < 0.00001), as was 

?<o^S!) 094 * 8 ± 8 8 mg 4058 ± 253 mg * «p«wy= 

daT^ CritlC ^ t€St ° C ° Ur "VPOtheses was whether blockade of 
RAGE-amphotenn might affect endogenous growth of tumours. 
We tested these concepts in spontaneously appearing papillomas in 
mice overexpressing v-Ha-ra* transgene. After stimulation of the 
skin with a tumour promoter such as phorbol 12-myristate 13- 
acetate (PMA), papillomas appear in >90% of mice within six 
weeKs* . 

RAGE and amphoterin were highly expressed in endogenously 
formed papillomas in PMA- treated transgenic mice (Fig. 5b, c). To 
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Figure 3 Blockade of RAGE suppresses tumour proliferation and expression of MMPs. 
a. Mean area at the centre of tumours raised from the indicated clones of C6 glioma was 
determined by immunohistochemicaJ determination of GFAP-expressing tumour cells; 
/)= 5 mice. b,c. The indicated C6 glioma transfectants (b) or C6 glioma in the presence of 
MSA or sRAGE (cj were implanted into mice; 1 h before sacrifice, mice were injected with 
BrdU; tissue was retrieved and subjected to immunohistochemistry to assess 



MMP-9 
MMP-2 



10 3.910.9' 0.4 r 0.2* 0.3*0.1" 

10 1.5 + 0.1* 0.4 ±0.2* 0.4 = 0.2' 

incorporation of BrdU. d.Tumours in = 3 per clone) were retrieved 21 days after 
implantation and zymographic determination ot MMP9 or MMP2 activity performed. 
Results of densitometry analysis are indicated; i .0 is arbitrarily assigned to density of 
bands in mock-transfected tumours. In a-d, asterisk. P < 0.05, double asterisk. 
P < 0.01 versus mock or MSA. 
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study RAGE-amphoterin blockade, sRAGE or MSA was adminis- 
tered to transgenic mice. After six weeks, marked suppression of 
papilloma formation was noted in sRAGE-treated transgenic ani- 
mals compared with treatment with MSA (Fig. 5e, f; mean papillo- 
mas per animaJ, 3.8 £ 1.0 and 0.3 ± 0.3, respectively; P < 0.01). 

Consistent with enrlier observations, incorporation of BrdU was 
attenuated in papJomas studied from sRAGE-treated transgenic 



35*^^M ? retrieVe f fr ° in reCeivi "6 

(22 _ 2% and 39 ± 2%, respectively; P < o.OOOl), and no dif- 
ferences in apoptotic rates were observed between papilloma in 
sRAGE-treated and MSA-treated mice (0.1 ± O^^Ti 
respectively; P > 0.05). ~ ' 

In embryonic deveopme,. : ..mphoterin and RAGE co-localize at 
the leading edge of advancing neurites, indicting a role in neuronal 
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Rgure 5 Blockade of RAGE suppresses endogenous growth of papillomas, a-d , After six 
weeks of local application of PMA t papillomas forming in transgenic mice overexpressing 
v-Ha-/3s were examined by immunohistxhemistry using me indicated IgG. Arrowheads 
indicate the sites of most intense immunostaining for RAGE and amphoterin; these areas 
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Rgure 4 Effects of RAGE-amphoterin blockade on C6 glioma: A? wto analyses, a. The 
indicated clones of C6 Qlioma were grown on matrix coated with amphoterin. Cell number 
was quantified 72 h later and results reported as relative cell number, compared with that 
observed in mock-transfectants. b, The number of cells invading Matrtgel is shown. 
Asterisk, P< 0.05; double asterisk P < 0.00001 versus respective control, 
c-f. Appearance of the indicated mock- or RAGE/RAGE C6 glioma mutants was assessed 
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on amphoterin. Scale bar. 20 ^n. fl ~i. The indicated clones of C6 glioma were plated on 
amphoterin (left) or BSA (right) for 90 mins; cells were retrieved and immunohlotting 
performed to assess activation of p44/p42 (g), p38 (h) and SAP/JNK MAP kinases (I) 
Densitometry analysis for kinase activation on amphoterin compared with mock- 
transfected clones (t .0) is indicated. 



■■=--.■7 a a: 



Amphoterin 



EN-RAGE 



sRAGE 



co-localized with sites of highest levels of BrdU incorporation (not shown). Scale bar, 
1 00 jim. e,f, After six weeks, increased numU.o ui papillomas (arrows) were observed in 
mice receiving MSA fe: n = 8) versus sRAGE (f; n = 7). Scale bar, 1 cm. 
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development 3 ■ l \ Here we extend these concepts to tumour growth 
and metastasis, and demonstrate RAGE-amphoterin involvement 
in cellular proliferation and invasiveness and that it is also central 
for tumour growth and spread. Blockade of RAGE-amphoterin in 
the tumour bed forces cells into a period of dormancy 27 , charac- 
terized by diminished proliferation, invasion and MMP activity; 
properties linked to the MAP kinase family of signal transduction 
effector molecules. We have developed a new model in tumour 
biology and identified RAGE as a target for therapeutic strategies to 
suppress local tumour growth and distant metastases. These new 
therapies will probably enhance the benefit of other anti-tumour 
strategies, such as those designed to diminish neovascularization, 
proliferation and evasion of the host immune response. □ 

Methods 
Immunobiots 

Kat Co glionu and murine Lewis lung carcinoma ceil lines were purchased from the 
American Typo Culture Corporation ( ATCC). Immunoblotiing was perform^ with 30 u.g 
cell extract* or cellular supernatant and using rabhit anti-RAGE IgC;\ rabbit anti-rat 
amphoterin IgO\ rabbit ami -EN- RAGE IgCi* or equal amount* of nonimmune IgG 
(2? u.g nil ). In afl caws, control recombinant protein* (0.5 u.g) were murine soluble 
RAGE, rat amphoterin and bovine EN- RAGE. All control proteins ero»react with murine 
and rat ant ignis. 

Confocal microscopy 

Co gJioma were fixed with parajormaldehyde (2%) and confocal microscopy (Zciw) was 
performed using anri-RAGE and an ti -amphoterin IgG. Secondary antibodies included 
FfTC-con;ugatc (for amphoteric and TRTTC-con jugate (for RAGE) (Sigma; 1:200 
dilution in both cases). 



Endogenous tumour formation 

Klale transgenic niicc vl.emuygous) carrying the acuvated v-!la-ru> transgene- were 
purchased from Taconic Farm*. A, age ft weeks, mice were housed in single ca^ and heir 
lucks shaved 4 x cm). PMA (Sigma). 5 ag dissolved in acetone ( 200*, 
administered locally to the shaved area twice weekly for 6 wreks. 

Tumour proper! es 

To assess proliferation, the indicated Co glioma ceUs f 1 x 1 0 s cells per well) were incub ,ted 
on culture wells coated with amphoterin , I0„ »r ') or BSA t 20 ^ml ', MSAorsRA * 
was added. and three days later cell number wa, assessed using 2 Cj^T 
Proliferate Assay kit (Molecular Probe,). Absence of cell death w» Itocum-S by 
rxdusion of tr> T an blue. Invasion and migration assays were performed as described" -- 
For the assessment of MMP-2 and 9 activity*, tumour tissue was retrieved on day 1 1 
Equal amounts of protein were subjected to electrophoresis on gelatin-laden gels (().!%)" 
(Novex)and results normalized to the weight of the tumour. 

7b examine the properties of the tumours grown on amphoteric C6 glioma cells, % x 
10 ceil* per well, were added in plastic dishes (Nunc. Naperville. ID coated with purified 
amphotenn (I0iig.nl "', or BSA (20u«ml After .« h. cells were photographed under 
phase contrast microscopy In other studies, cells were retrieved 90 min after plating, and 
rxiracu (30 ihi proiem) subjected to elecirophoresis and immunoblotiing to detect 
phc,spho-i>4 4 /42 MAP kinase (Thr202/Tyr204 J . phospho-pJS MAP kina*e (TvrlftO/ 
Tyrl«2) t or phospho-SAPK/TNK (Thri83nVrl85) (New England BioLab*. Beverly, MA) 

Data analysis 

In all experiments, mean - standard error is reported. Statistical comparison* among 
groups were determined using one-way analysis of variance (ANOVA); where indicated 
individual comparisons were perfonned using Studenu' f-test. 

Hxcm-d lft Uccemhcf 1999: accepted 16 Mar ch 2000. 
1 



tmmunohlstocfteniistry 

Implanted C6 gJioma were excised and fixed with formalin: paraffin -em bedded sections 
(:» pan thick) were prepared from the exact centre of the tumours, and subjected lo 
immurwrmtodiemistry with anti-glial fibrillary acidic protein Ig (Sigma). Microscopic 
images (Zeus) of GFAP-stained sections were scanned into a computer and image 
analysis for determination of area using software provided by MediaCybernetics' For 
endogenous!? forming papilloma*, sections were prepared as above and subjected lo 
immuru)histochcmistry using rabhit nonimmune IgG, anti-RAGE IgG, an ti- amphoterin 
IgG or anti-EN-RAGE IgG (2 jigmf 1 each). 

Stably transfected C6 glioma complemetary DNAs for human full-length, cytosolic tail 
deletion and soluble RAGE : were inserted into the pcE)NA3 vector (Invitrogcn). C6 rat 
glioma cells were transfected by using Lipofectaminc (Life Technologies >. Oils were 
selected in the presence of geneticin (G418), 1.5 mg ml' (life Technologies), and 
individual clones were isolated by limiting dilution. Mock-uarufeclants contained vector 
alone. 



Local tumour growth 

Rat C6 glioma cells (1 x 10 3 in 0. 1 ml PBS) wore injected into the dorsal midline of female 
NCR immunocompromised mice, aged 4-6 weeks (Taconic Farms, Germantown. NTY). 
Alternatively, rat C* glioma cells were injected into the dorsal midline of female mice with 
severe combined immunodeficiency (SCID; Taconic Farms). Tumours were measured 
with calipers and the volume was calculated: V « tt x h(!i* Vj/6. where h - height of the 
tumour segment; U - (length +■ width of the ttimour)/4; and V* volume of the tumour In 
all cases, viability of injected cells was > 95% by exclusion of trypan blue upon injection 
into mice. In certain mice, one hour before sacrifice, 1 mg BrdU ( Sigma 1 was injected by 
intraperitoneal administration. Tumour tissue was retrieved/fixed in formalin (10%) and 
paraffin-embedded sections were prepared. Sections were stained with haematoxylin and 
cosin. or were simultaneously immiinostaincd tor detect ion of BrdU (ami -BrdU antibody; 
MD)" ,C ' Wc * rtmry ' W 3nd f ° r a P°P !osis detection (Trcvigen, Gaiihcrshurp, 

Tumour metastases 

Lewis lung murine carcinoma cells (2 x 10 ft in 0.1 ml PBS) were infected into the dorsal 
midline of male, 6- 8- week-old C57BL/6J mice i Tackson Ubouraiorics, Bar Harbor. ME). 
Primary tumours were surgically excised when tumour volume was 1.500 mm* tday 14) 
For three .lays before sacrifice, mice received sRAGE or MSA once daily, 2 1 days after 
removal ot primary tumour. Weight of the lungs and numbers of lung surface metastases 
were determined under x4 magnification using an Olympus microscope after intratra- 
cheal injection of India Ink I 1 5%). In other experiments. Lewis lung carcinoma cells were 
labelled with Vybrant CFDA (Molecular Pmbcs, Eugene. OR). 2 x it)' cells in 0.1 ml PBS 
were infected intravenously into ^~HL/6J mice and animals were sacrificed 24 h or 14 
days after injection. Lungs were removed, fixed and paraffin-embedded sections prepared 
(5 u.m thick). Fluorescence microscopy was used to identify tumour cells: 60 sections were 
assessed per mouse. 
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Cyclin-dependent kinase 5 (cdk5) and its neuron-specific 
activator p35 are required for neurite outgrowth and cortical 
lamination' r . Proteolytic cleavage of p35 produces p25, which 
accumulates in the brains of patients with Alzheimer's disease 4 . 
Conversion of p35 to p25 causes prolonged activation and mis- 
localization of cdk5. Consequently, the p25/cdk5 kinase hyper- 
phosphorylates tau, disrupts the cytoskeleton and promotes the 
death (apoptosis) of primary neurons. Here we describe the 
mechanism of conversion of p35 to p25. In cultured primary 
cortical neurons, excitotoxins, hypoxic stress and calcium influx 
induce the production of p25. In fresh brain lysates, addition of 
calcium can stimulate cleavage of p35 to p25. Specific inhibitors of 
calpain, a calcium-dependent cysteine protease, effectively inhibit 
the calcium-induced cleavage of p35. In vitro, calpain directly 
cleaves p35 to release a fragment with relative molecular mass 
25,000. he sequence of the calpain cleavage product corresponds 
precisely to that of p25. Application of the amyloid ^-peptide 
A3( 1 -<* 2) induces the conversion of p35 to p25 in primary cortical 



neurons. Furthermore, inhibition of cdk5 or calpain activity 
reduces cell death in AP-treated cortical neurons. These observa- 
tions mdicate that cleavage of p35 to p25 by calpain maTbe 
involved in the pathogenesis of Alzheimer's disease 

The open reading frame of P 35 does not contain immnr. so 
alternative spi cing cannot account for the generation of P 25 
Internal initiation of translation of P 35 messenger RNA is also 
unlikely to produce p25 because there is no internal meth" niS 
near the beginning of the P 25 sequence. Proteolytic cleavaee is 
therefore, the most likely mechanism for conversion of p35 to p25 
(Fig. la). r F ^ 

Despite extensive efforts to identify P 25 in the mouse, only full- 
length p35 was detectable during embryonic development and in 
the adult (data not shown). We next sought to determine whether 
P 23 cou d be produced in vivo under certain experimental condi- 
tions. We found that 4h of focal ischaemia, induced by middle 
cerebnd artery occlusion in mice, produced p25 in the ipsilateral 
cortex but not in the control contralateral cortex CFig lb) The 
conversion of p35 to p25 caused it to relocaiize to the "cytoplasm 
(Fig. lc), as reported previously 4 . 

To investigate the mechanism of the conversion of P 35 to p25 
further, we tested for conditions that would induce the appearance 
of p25 in cultured primary cortical neurons. Treatment with 
hydrogen peroxide stimulated cleavage of P 35 to p25 in primary 
neurons (Fig. Id). Other insults such as treatment with the 
excitatory amino-acid glutamate also caused the production of 
P 25 in cortical neurons at high concentrations of glutamate 
(Fig. le). An increase in intracellular calcium levels, caused by the 
calcium lonophore ionomycin, stimulated efficient conversion of 
P 3j> to P 25 (Fig. If). These results indicate that neurotoxicity 
induces cleavage of p35 to p25 and suggest a role for calcium in 
this process. 

To identify the protease that cleaves p35 to P 25, we sought to 
recapitulate the proteolytic cleavage event. In fresh mouse brain 
lysates, 1 mM Ca efficiently stimulates the cleavage of p35 (Fig 2a) 
The cleavage product is likely to be p25, as it has a relative molecular 
, n ,f ^-migrates with recombinant p25 expressed in 
COS-7 cells (lane 1). Also, like p25, it is specifically recognized by 
the p35 carboxy-terminaJ-specific antibody, but not by the p35 
aiTuno-terminal-specific antibody (see Supplementary Information) 
p35 contains no obvious consensus sequences for cleavaee by 
known proteases. To identify the protease activated by calcium, we 
tested protease inhibitors with different specificities for their 
effectiveness in inhibiting the calcium-stimulated p35 conversion 
Calpeptin and calpain inhibitor II, which inhibit the calcium- 
dependent cysteine protease calpain, completely inhibited p35 
cleavage (Fig. 2b, lanes 3-4), whereas the general cysteine protease 
inhibitor leupeptin partially inhibited p35 cleavage flane 8) A 
titration of four calpain-specific inhibitors shows that 10 nM 
calpeptin, 100 nM calpain inhibitor I, 100 nM calpain inhibitor II 
and 5 nM calpaslatin effectively inhibit p35 conversion (Fig. 2d and 
Supplementary Information), consistent with the reported median 
inhibitory concentration (IQo) values for these inhibitors 3 . The lack 
of ettect of thecdkS inhibitor roscovitine indicates that cdk5 activity 
may not be necessary for cleavage to occur (Fig. 2b, lane 9) 

M-calpain and p.-ca]pain are the two main isoforms of calpain in 
the bram . The two calpains d iffer in their calcium requirements but 
have similar substrate specificities, u. -calpain requires 3-50 ixM 
calcium for half-maximal activity, whereas m-calpain requires 
0.2-1 mM calcium for activity. To determine whether calpain was 
indeed activated in the conditions tested in vitro, we examined the 
cleavage of a well characterized calpain substrate, non-erythroid 
a-spectnn (also known as a-fodrin) ? . One millimolar calcium 
which stimulated conversion of p35 to p25 in mouse brain lysates' 
also led to cleavage of endogenous spectrin into i. iC characteristic 
145K and 150K fragments, indicating that calpain was activated 
(Fig. 2c). Furthermore, spectrin cleavage was inhibited by calpeptin 
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Cancer: Checkpoint for invasion 
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Both benign and malignant tumours grow in tn uncontrolled way. But it is only cells of malignant tumours 
that invade surrounding tissues and travel to distant organs (metastasize). Conventional wisdom used to 
hold that invasion and metastasis are late events - often 'too late' - in the clinical course of a patient s 
cancer. However, we now know that invasion can be both early and clinically 'silent'. An understanding ,ot 
the molecular basis for this aggressiveness could lead to therapies that block the transition of a rumour rroir 
benign to malignant, and keep local disease in check. Taguchi and colleagues 1 , writing on page 354 of this 
issue, have now identified proteins called RAGE and amphoterin as a receptor-ligand pair m a molecular 
checkpoint that regulates not only the invasiveness but also the growth and movement of tumour cells — 
the trio of characteristics required for malignancy. 

The threat of tumour invasiveness is exemplified by the fact that brain cancer does not need to metastasize 
to kill a patient. The growth of a brain tumour mass in the confined area of the skull causes compression 
damage; in addition, local invasion by brain lumour cells can destroy surrounding, normal brain tissue. In 
many cases, brain tumour cells can move away from the primary tumour to reach other sites within the 
brain. Such insidious invasive behaviour ma> represent the inappropriate use of a programme responsible 
for the outgrowth of neuronal protrusions called neurites during normal neuronal development Indeed, 
cancer invasion in general may be a deregulated form of a physiological invasion process required for 
neuronal wiring in the embryo, tissue remodelling, the formation of blood vessels, and healing 2 . 

Amphoterin is a key protein in normal neuri : e outgrowth. It is a heparin-binding protein that is abundant in 
extracellular regions of the developing brain and other organs. Antibodies that recognize amphoterin block 
neurite outgrowth under experimental conditions; so, interactions of amphoterin with neuronal surfaces 
appear to be required for the extension of neuronal processes. Amphoterin's receptor on the cell surface is ; 
protein called RAGE (for 'receptor for advanced glycation end products') 3 . RAGE is a receptor for many 
different ligands, and is a member of the immunoglobulin superfamily of cell- surface molecules. It gains 
its name, and was first identified, because it recognizes potentially damaged, glycated proteins (that is, 
those with carbohydrate polymers attached to them) that accumulate during diabetes. Amphoterin and 
RAGE localize together at the leading edge of advancing neurites during embryonic development 3 . Tagucl 
et al. ] recognized the implications of this result for pathological processes such as cancer invasion. 

The complete set of characteristics of a malignant tumour is induced by a variety of cellular programmes 
and pathways, many of which are not yet fully defined. Faced with this complexity, the best way to link a 
molecule causally to malignancy is to start with a cell that is already malignant, and to attempt to block tbt 
molecule or pathway of interest This was the tack taken by Taguchi et al. 1 , who used several approaches t 
block the RAGE-amphoterin axis in C6 glioma brain tumour cells. Inhibitory strategies included 
afcninistering the soluble form of the ligand -binding domain of RAGE, of anti-RAGE antibodies, or of 
anti-amphoterin antibodies, or introducing defective forms of RAGE into C6 glioma cells. In vitro and in 
animal models of cancer, all of these treatments significantly inhibited the growth, motility and local 
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• • jnn of ceUs as well as metastasis of the cells to the lungs. The treatments even inhibited the 

s^eo^ (benign ski, cancers) in mice overexposing the v-Ha-ra, oncogene. 

How might the RAGE^amphoterin pathway have these effects7 

Let's take a look first at invasion. Regulation of the molecular events necessary for invasion whether 
ohvsiSorical or malignant - involves spatial and temporal coordination, as well as cyclic on-off 

the extracellular matrix and degradation of matrix molecules, allows an invading cell to move through the 
three-dimensional matrix. At the leading edge of the motile cell, receptor-hgand and 
proteolysis-antiproteolysis complexes coordirate sensing, protrusion, burrowing and traction of the cell • . 

_ Figure 1 Spatial and temporal regulation of cellular Invasion of the extracellular 

matrix. Full legend 

High resolutior image and legend (34k) 




It was already known that amphoterin at the cell surface can act as a nucleating site for generation of the 
protein-degrading complex plasmin 6 . This complex can activate matrix metalloproteinases (MMPs), which 
are enzymes that degrade extracellular matrix molecules 5 . Taguchi et al. 1 now report that blocking RAGE 
results in decreased activity of MMP-2 and I4MP-9 - molecules previously associated with invasion ot 
both cancer cells and neurites. Localized proteolysis of matrix molecules may loosen up, or open up, the 
dense meshwork of matrix molecules being invaded. Proteolysis at the migration front may also liberate 
previously bound growth factors or motility- stimulating molecules. 

The RAGE-amphoterin complex also suppresses tumour growth, but how does it coordinate these three 
inhibitory effects - on growth, on motility Jind on invasion? Proteins called cytokines, as well as proteins 
found in the extracellular matrix, trigger signalling cascades that regulate both cell migration and 
proliferation. Bifurcation of this signalling pathway occurs at the level of mitogen-acUvated protem kinase 
(MAPK) signalling modules. Three coexisting modules - p38 MAPK , JNK and P 42/p44 MAPK - exchange 
signals between the cell surface, the cytoskeleton and the nucleus. 

When a ligand stimulates the cell through that ligand's receptor, some or all of these MAPK modules can 
be activated, directly or indirectly, as can ths small GTP-hydrolysing proteins (GTPases) Ras, Cdc42, Rac 
and Rho 7 ' 8 . Activated MAPK modules propagate signals downstream into the nucleus to activate genes 
encoding growth inducers, MMPs and adheuion receptors. In parallel, these modules elicit further events 
that modify the myosin and actin filaments of the cytoskeleton. So all three MAPK modules can act as 
relay stations for the regulation of growth, motility and invasion. Taguchi et al. 1 show that 
RAGE-amphoterin acts simultaneously through all three MAPK modules, explaining how blocking RAGt 
will experimentally suppress all components of the malignant phenotype. 

'Signal-transduction therapy' is a treatment strategy in which key, hyperactive cellular signalling pathways 
that cause disease are targeted. The trick is to find a rheostat in the cell's circuitry that is not bypassed by 
collateral or compensatory paths. The RAGEp-amphoterin pathway may well fulfil these criteria. 
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